We present an analysis of neutrino oscillations which are consistent with current solar, atmospheric and terrestrial experiments in a framework with three neutrino mixing. The solutions satisfying these experiments have the large mixing (not maximal mixing) between ν e -ν µ or ν µ -ν τ in m 3 ∼ several eV, where m 3 is the heaviest neutrino mass. From these results, we conjecture a form for the mass matrices of charged lepton and neutrino which are described by the universal Yukawa coupling with small violations. *
Introduction
The problem of neutrino masses and oscillations is one of the most interesting issues to study physics beyond the standard model (SM). [1] In many experiments which are under way, indications in favor of neutrino masses and oscillations have been obtained. In these experiments, the solar neutrino experiments [2] measure the event rates significantly lower than the ones predicted by the standard solar model, and the atmospheric neutrino experiments [3] observe the deficits of detected numbers of the µ-neutrino compared to theoretical numbers for them. Another indication in favor of non-zero neutrino masses is in the cosmological analysis by dark matter. [4] On the other hand, terrestrial neutrino experiments searching for the neutrino masses and oscillations are under way. The FNAL, CHORUS and NOMAD [5] experiments using the beam from accelerator search for ν τ appearance in a ν µ , and KARMEN and LSND [6] experiments using the accelerator beams are searching for ν µ → ν e andν µ →ν e oscillations.
The experiments using nuclear power reactor [7] search for the disappearance ofν e , in which ν e →ν X (X = µ, τ ) transitions are expected. These experiments do not observe significantly large transitions.
In this paper, we examine neutrino masses and mixings which are consistent with current solar, atmospheric and terrestrial experiments in a framework where the three neutrinos have masses and mix each other. As known generally, the quantities observed in neutrino oscillation phenomena are the product of the mixing matrix for charged leptons and that for neutrinos which just corresponds to the CKM (Cabibbo-Kobayashi-Maskawa) matrix for quarks. Then, in order to study the mixing of neutrino, we have to know the mixing behavior of charged leptons. In our recent analysis, [8] we have discussed the quark mass hierarchy and mixing using the universal Yukawa coupling framework with small violations. For charged leptons, we can adopt the same mass matrices as quarks. But, we do not assume such mass matrices for neutrinos, because mechanisms producing the neutrino mass, such as seesaw mechanism, [9] are considered for neutrinos in contrast to the quarks and charged leptons.
Though there are many schemes for neutrino mass matrices which are suggested from the various models beyond the SM, we do not, in this paper, consider these schemes. After the experimental analyses for neutrino oscillation, we will discuss the neutrino mass mixing matrix and the neutrino mass matrix, using the results for neutrino oscillation obtained.
Neutrino oscillation
Weak currents for the interactions producing and absorbing neutrinos are described as 
U is the unitary matrix corresponding to the CKM matrix V † CKM for quarks defined by
In this paper, we do not consider the effects from the neutral current. It should be noted that the neutrino emitted in the weak interaction together with the charged lepton l a is not
, and also the neutrino absorbed in the weak interaction together with the charged lepton l a is the same.
The unitary matrices U l and U ν transform the mass matrices for charged lepton mass matrix M l and neutrino one M ν to diagonal mass matrices as
For charged lepton sector, the values of m e , m µ and m τ are well known. The unitary matrix U l is determined by the values of m e , m µ and m τ and mass matrix for charged leptons.
The charged lepton mass matrices are considered to be the same as those of quarks. There are many models for the quark mass matrices, but these are classified to two types: One type is that the quark mass matrices
and thus the unitary matrices transforming them to the diagonal mass matrices U q to be U q ≃ 1. [10] Another type is that the quark mass matrices are universal Yukawa coupling or democratic type ones. In our universal Yukawa coupling framework, [8] the quark mass matrix without CP violation phases is described as follows:
where we neglect the CP violation phases. We will determine the mixing parameters in this matrix using the U l obtained in mass matrix for charged leptons and the U obtained in the following experimental analysis. The values of neutrino masses are not known precisely, but we know these to be small as suggested by cosmological analysis by dark matter [4] 
In order to simplify the discussion in the following analysis, we classify the CKM matrix U for leptons to next three cases:
other than (I) and (II).
Case (I) corresponds to the small mixing among ν e , ν ν and ν τ , and U ≃ T 0 case in (II) corresponds to that in which the charged lepton mass matrix is nearly universal coupling and the neutrino mass matrix is nearly diagonal, or T † 0 case does to that in which the charged lepton mass matrix is nearly diagonal and the neutrino mass matrix is nearly universal coupling.
Probabilities for the transitions ν la → ν l b are given by
where subscripts l a , l b describe e, µ, τ and
measuring ∆m
j , E and L in unit eV 2 , MeV and m, respectively. From the unitarity of U, we get the relations
Because the expressions (10) for the probabilities P (ν la → ν l b ) are not useful for our analysis, we rewrite them to the following special forms. If we can set ∆m which is observed in the following discussion, the P (ν e → ν e )'s are rewritten as follows;
If we adopt the case U ≃ T 0 in (II), the P (ν e → ν e )'s are rewritten on the assumption 
Analyses for neutrino oscillation by experimental data
In solar neutrino experiments, there are two results which correspond to the case considering the MSW effects [12] and the case not considering them:
the case considering MSW effect [13] 
Atmospheric experiments [3] detect the ratio
where N la is the flux of the original ν la 's which are produced at the production point somewhere in the atmosphere. N µ /N e ∼ 2 is obtained from Monte Carlo calculation. Because τ lepton production is very small at the energy range of these atmospheric experiments, N τ /N e and N τ /N µ are considered to be very small. Thus we get the result
The results for terrestrial experiments are as follows:
accelerator experiment for ν µ → ν e andν µ →ν e , [6] 
reactor experiments forν e →ν e , [7] 1 − P (ν e →ν e ) < 2 × 10 −2 .
Now, we search the CKM matrix U of leptons consistent with above experimental results.
Though the neutrino masses are suggested like Eq. (9) 
As found easily, this result is satisfied by case (I), but not satisfied by case (II).
(A-2-b). (15b) case
In this case,
This result is satisfied by case (II), but not satisfied by case (I). (A-2-c). (15c) case
In the case of vacuum oscillation (15c) not considering the MSW effect, expression of P (ν e → ν e ) in Eq. (13) or Eq. (14) is used for analysis. In these experiments, ∆m E L is larger than π/2 in our assumption for the value of m 3 to be not ≪ 0.1× several eV. Then 
As shown in numerical analysis, there are solutions for U e3 's satisfying these constraints.
Here it should be noted that the case (I) does not satisfy these constraints. If we adopt the case (15c), the S 12 terms are negligible. Then we get such relation as
This result is not satisfied by case (I) but is satisfied by case (II), because we assume that Next, we consider the values of neutrino mass in the case Eq. (9) . In this case, we must consider the terms proportional to S 23 in Eq. (13) for terrestrial experiments, because the term S 23 is not so small. We get the restrictions for U lai 's,
There are 3 possibilities satisfying these restrictions,
where the unitarity relation U to be ∼ 1, we can take a solution. The solution for U e3 's satisfying these constraints are shown later. Here it should be noted that the case (I) does not satisfy these constraints. Because, for the (15c) case, we get the relation,
this result is not satisfied by case (I).
Thus, if m 3 ∼ several eV, the case (II) is ruled out from the terrestrial experiments.
Furthermore, the case (I) is also ruled out from the atmospheric experiments. Then in this m 3 ∼ several eV case, both (I) and (II) case are ruled out. In case (III) other than (I) and (II), three possibilities (27a), (27b) and (27c) must be satisfied. If we adopt the large-mixing solution (15b) and (15c) for solar neutrino experimental results, the possibility (27c) is ruled out. The possibility (27b) has been discussed by a literature in [16] .
We next search the allowed values of U ei 's satisfying the constraints (26), (18) and (24), which correspond to the large-mixing solution in solar neutrino experiment (15b) and (15c) cases. Though the values of ∆m 
P (ν e → ν µ ) P (ν e → ν e ) + 2P (ν µ → ν e ) = 0.71. for atmospheric experiment
For the constraints (24), (18) and (22) 
= 0.80. for atmospheric experiment
Discussions
As shown in above numerical analyses, we get the solutions (28a,b) and (29) for U satisfying the present solar, atmospheric and terrestrial experiments in m 3 ∼ several eV. In m 3 < 0.1 × several eV, there are many solutions satisfying these experiments. In these solutions, case (II) is included.
First, we comment on the case m 3 < 0.1 × several eV. In this case, there are many solutions but the possibility (I) which corrsponds to the case of small mixing among ν e , ν µ and ν τ is ruled out. In these solutions, the possibility of case U ∼ T 0 in (II) is very interesting, because the large mixing of U is introduced naturally from the mixing T 0 of universal Yukawa coupling charged leptons and no mixing of neutrino. [15] The possibility of case U ∼ T † 0 in (II) corresponds to the mixing T 0 of universal Yukawa coupling neutrino and no mixing of charged lepton. Though there are many other models producing large mixing of U through the seesaw mechanism, these models use the Majolana mass matrix producing large mixing.
Next we comment on the case m 3 ∼ several eV. In this case, the case U ∼ 1 of (I) and cases U ∼ T 0 and U ∼ T † 0 in (II) are ruled out. We get the typical solutions (284a, b) for the large-mixing solutions (15b) and (15c) in solar neutrino experiment. Matrices for these solutions are characterized as 
The pattern of solutions (30a,b) is explained naturally by the universal Yukawa coupling mass matrix for charged lepton and neutrino. In fact, for the solution (30a) and U l ≃ T 0 , the neutrino transformation unitary matrix is given as
Though this transformation matrix T ′ 0 is different from T 0 in the first and second rows which describe the eigenstates for small eigenvalues m 1 and m 2 , but it describe the transformation matrix of universal Yukawa coupling mass matrix.
We show the mixing matrix (8) and mass matrix M ν for neutrino for the solution (28a) using the charged lepton mass matrix (7b). Here we use the mass ratios for charged leptons, m e m µ = 0.004836, m µ m τ = 0.05946 ± 0.00001, [18] then the mass matrix M l and transformation matrix U l for the charged leptons are given as follows: 
Then the solution of U ν and M ν for (28a) is obtained as follows: 
